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Abstract 
An on-farm trial was conducted in the farmers’ field during 2013-14 and 2014-15 to 
assess the technology of application of sulphur on Toria (Brassica campestrisvar. 
toria)along with soil test based nutrient management practice under rain-fed condi-
tion at brown forest soil of the Himalayan range of West Bengal. The experiment was 
conducted at the seven villages namely Bong Busty, Charkhol, Sangsey, Bungku-
lung, Sakyong, Pudung, Didabling of Kalimpong district at an altitude ranged be-
tween 1210 m to 1300m . Significantly higher values of no. of primary branches 
(9.78); no. of siliquaplant-1 (82.12); no. of seeds siliqua-1 (35.51) as well as seed 
yield (1023 kg ha-1) were recorded with soil test based nutrient management practice 
along with soil application of sulphur (80%) @ 20kg ha-1as basal compared to the 
farmers’ practice. The soil application of sulphur and soil test based nutrient man-
agement practice also fetched higher return per rupee invested (1.61) compared to 
the other treatments. No remarkable change was observed in soil fertility status after 
two years of experimentation. As it was an adoptive trial with the participation of 
farmers, the necessity of soil test based nutrient management practice and applica-
tion of sulphur have been well realized by the participating farmers. 
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INTRODUCTION 
Sulphur is a very important nutrient for oilseeds as 
the sulphur plays an important role in formation of 
volatile di- and poly-sulphide compounds which 
help to increase the pungency of the vegetable 
oils (Tandon 1995). Sulphur also plays an im-
portant role in the formation of Sulphur containing 
amino acids like cysteine (27% S), cysteine (26% 
S) and methionine (21% S) which are building 
blocks in the protein synthesis. More than 99% of 
sulphur in rapeseed-mustard group is bound in 
proteins and glucose isolates(Schnug et al. 1990). 
Sulphur is a constituent of oil in oilseed crops and 
it also has a great role in formation of chlorophyll 
and enhancing photosynthetic activities 
(Marschner 1986). Introduction of highyielding 
varieties and subsequent extensive use of high 
analysis sulphurfree fertilizers under intensive 
cropping systems have resulted sulphur deficien-
cies in soil. Saalbach (1973) reported that sulphur 
deficiency tends to affect adversely the growth 
and yield of oil seed cropsand reduce the crop 
yield to an extent of 10-30%.Sulphur application 
either to the soil or as foliarspray increases the 
quality and yield of oilseed crops. In Indian con-
text, decreased incidental addition of sulphur is a 
probable reason for its deficiency in the crops 
(Pasricha and Aulakh, 1991).In a field experiment, 
Sahoo et al. (2017) observed that the growth, 
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productivity and oil content of Brassica campestris 
var. toria increased significantly in the red soil of 
Odisha in addition of sulphur from different 
sources viz; SSP, gypsum and elemental sulphur. 
On the other side, dumping of fertilizers by the 
farmers in the fields without knowing soil fertility 
status and nutrient requirement by crop causes 
adverse effects on soil and crop regarding both 
toxicity and deficiency either by excessive use or 
inadequate use (Ray et al., 2000). Managing the 
location specific variability in nutrient supply is a 
key strategy to overcome the current escalation in 
the price of fertilizer rates and crop nutrient de-
mand (Dobermann and Cassman, 2002). 
Toria (Brassica campestrisvar. toria) is one of the 
major short duration oilseed crop under rapeseed-
mustard group which are widely cultivated in the 
hilly areas of West Bengal at an altitude of 1200-
1300m because it matures early. But this crop 
facing declining seed yield as well as oil yield now 
a days. This might be due to application of subop-
timal or non-judicious fertilizer to the toria crop. 
Soil test based nutrient management practice may 
be the option to increase yield of the toriacrop. 
Keeping these in view, this on-farm trial was un-
dertaken in the farmers’ field that is under real 
farm situation to study the performance of differ-
ent methods of application of sulphuron toria in 
under soil test based nutrient management prac-
tice in rain-fed areas of brown forest soil in the 
hilly region of West Bengal. 
MATERIALS AND METHODS 
On farm trial is the testing of technology in the real 
farm situation. It is an adoptive trial which is con-
ducted under the supervision of the scientist in the 
farmers’ field. The uniqueness is the participation 
of the farmers in all stages of the trial. Fujisaka 
(1989) also used the tool for understanding the 
different concerns and contributions on research 
by the farmers and scientists in the technology 
transfer. This on-farm trial was conducted during 
the year 2013-14 and 2014-15 at the seven villag-
es namely Bong Busty, Charkhol, Sangsey, 
Bungkulung, Sakyong, Pudung, Didablingof 
Kalimpong district involving one progressive 
farmer from each village. All the seven villages of 
Kalimpong district were selected at an altitude 
ranged between 1210 m to 1300m. Conventional 
practicein the adjacent plot of the farmersin a par-
ticular village was the control treatment (T0)in the 
on-farm trial, where non-judicious and imbalanced 
application of fertilizers mainly DAP with no appli-
cation of sulphur were under consideration. Soil 
test based nutrient management practices(N-P2O5
-K2O) along with foliar application of sulphurat 15 
DAS and 30 DAS @ 2.5 kg ha-1 and 5 kg ha-1 re-
spectively considered as Treatment-1(T1); soil test 
based nutrient management practices (N-P2O5-
K2O) along with soil application of sulphur (80%) 
@ 20 kg ha-1as basal considered as Treatment-2 
(T2) in the on-farm trial.Both the treatments were 
allocated to the same farmers in each village. All 
the critical inputs like seeds, fertilizers and sulphur 
were supplied to the farmers for conducting the 
trials. B-54, popularly known as Agrani is one of 
the most cultivated variety of toriawas used as the 
test variety in this on-farm trial. The seeds were 
sown @6.5 kg ha-1during October25-31 and Octo-
ber23-28 in the year 2013-14 and 2014-15 re-
spectively. The statistical analysis of the recorded 
data collected from the field was done using the 
statistical software MSTAT-C version 2.1 of Michi-
gan State University, USA and significant differ-
ences between the treatments were compared 
with the critical difference at + 5% probability by 
LSD. The representative soil sample from the 
farmers’ field were collected from all the seven 
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Table 1.  Initial soil fertility status of the seven villages of Kalimpong district. 
Name of the villages OC (%) pH Available N Kg ha-1 Available P2O5Kg ha
-1 Available K2OKg ha
-1 
Bong Busty 1.75 4.98 219.84 17.61 278.86 
Charkhol, 1.89 5.07 256.23 46.27 275.56 
Sangsey 1.86 5.04 275.61 31.26 300.15 
Bungkulung 1.79 5.01 265.94 38.45 289.56 
Sakyong 1.85 5.03 271.56 36.79 297.23 
Pudung 1.96 5.00 283.42 40.28 292.61 
Didabling 1.78 5.01 268.12 39.66 279.58 
Mean value 1.84 5.02 262.96 35.76 287.65 
Table 2. Effect of soil test based nutrient management and application of sulpur on yield components and seed 
yield of Toria (Var. B-54). 
Treatments No. of primary 
branch plant-1 
No. of sili-
qua plant-1 
No. of seeds 
siliqua-1 
Test 
weight (g) 
Yield 
(kg ha-1) 
T0 - Farmers' practice 7.81 65.29 21.76 3.343 741 
T1-Soil test based application of N,  P2O5 
and K2O + Foliar application of sulphur 
at 15 and 30 DAS @ 2.5 and 5 kg ha-1 
8.34 72.81 32.63 3.432 921 
T2-Soil test based application  of N,  P205 
and K20  +  soil  application of elemental 
sulphur (80%) @ 20 kg ha-1 
9.78 82.12 35.51 3.489 1023 
C.D (P=0.5) 1.58 6.28 8.26 NS 130.21 
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villages and analyzed for ascertaining the availa-
ble nutrients in soil at initial stage following the 
standard methods and the requirement of doses 
were calculated accordingly. Urea, DAP and MOP 
were the source of nutrients supplied to the toria 
crop as per the soil test values. 
The prevailing cost of various inputs like seeds, 
fertilizers, sulphur, ploughing charges, labour etc. 
during the time of experimentation were consid-
ered for working out the cost of cultivation.Gross 
return was calculated as per the prevailing market 
price of the produce at the time of harvest of the 
crop. Net return was calculated for each treatment 
by deducting the cost of cultivation ha-1from the 
gross income ha-1. The average of two years of all 
the parameters recorded in the seven villages 
were considered for tabulation. Return rupee-1 
invested ha-1 was calculated using the following 
formula. 
Return Rs.-1 invested-1= Gross return (Rs.ha-1) / 
Cost of cultivation (Rs.ha-1) 
RESULTS AND DISCUSSION 
Perusal of the data (Table 2) revealed thatthe ma-
jor yield attributing characters viz. Number of pri-
mary branches, number of siliqua plant-1, number 
of seeds siliqua-1 increased significantly in soil test 
based nutrient management practice along with 
soil application of sulphur compared to the Farm-
ers’ practice. The number of primary branches of 
toria was recorded to be 9.78 in soil test based 
nutrient management practice along with soil ap-
plication of sulphur followed by 8.34 in the treat-
ment where crop received soil test based nutrient 
management practice along with foliar application 
of sulphurand 7.81 in farmers’ practice. The num-
ber of siliqua plant-1 and number of seeds siliqua-
1are also important yield attributing features of to-
ria. The higher values of number of siliqua plant-1
(82.12) and number of seeds siliqua-1 (35.51) were 
also recorded where crop received nutrient man-
agement practices (N:P2O5: K2O) as per the soil 
test value and soil application of sulphur @ 20 kg 
ha-1 compared two other two treatments. It was 
also revealed that the seed yield was significantly 
higher with the treatment comprising soil test 
based nutrient management practice along with 
soil application of sulphur @ 20 kg ha-1(1023 kg ha
-1) compared to the farmers’ practice (741 kg ha-1). 
On an average there was a yield increment of 
38.06% over the conventional farmers’ practice. 
However, there was no significant effect of the 
treatments towards test weight (1000 seed weight) 
of toria. As far as the production economics is con-
cerned, the highest average net return (Rs.10, 439 
ha-1) as well as the highest return per rupee of 
investment (1.61) were recorded in practice with 
the soil test based nutrient management along with 
soil application of sulphur @ 20 kg ha-1 in compari-
son to cultivation practice of toria with soil test 
based nutrient management along with foliar spray 
of sulphur and farmers’ practice (Table 3).  Though 
the cost of cultivation was higher with the treat-
ment comprising soil test based nutrient manage-
ment along with soil application of sulphur but due 
to higher productivity of toria with this treatment 
fetched highest net return as well as return rupee-1 
invested. After two years of experimentation no 
remarkable change has been observed in residual 
soil fertility status (Table 4).  
The effect of soil test based nutrient management 
and soil application of sulphur was more pro-
nounced on the yield attributing characters of toria. 
As sulphur improves the vegetative structure for 
nutrient absorption and provides strong sink 
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Table 3. Effect of soil test based nutrient management and application of sulpur on production economics of 
toria (Var. B-54). 
Treatments Cost of cultiva-
tion (Rs.ha-1) 
Gross return 
(Rs ha-1) 
Net return 
(Rs.ha-1) 
Return per rupee 
of investment 
T0 - Farmers' practice 16450 20059 3609 1.22 
T1-Soil test based application of N,  P2O5 
and K2O + Foliar application of sulphur at 
15 and 30 DAS @ 2.5 and 5 kg ha-1 
16698 24843 8145 1.49 
T2-Soil test based application  of N,  P205 
and K20  +  soil  application of elemental 
sulphur (80%) @ 20 kg ha-1 
17123 27562 10439 1.61 
Table 4. Residual soil fertility status after two years of experimentation (Mean values of soils of seven villages). 
Treatments OC (%) pH Available N 
Kg ha-1 
Available 
P2O5Kg ha
-1 
Available 
K2OKg ha
-1 
T0 - Farmers' practice 1.82 5.0 259.82 34.64 286.69 
T1 -Soil test based application of N,  P2O5 
and K2O + Foliar application of sulphur at 15 
and 30 DAS @ 2.5 and 5 kg ha-1 
1.85 5.03 263.02 37.24 289.12 
T2 -Soil test based application  of N,  P205 
and K20  +  soil  application of elemental 
sulphur (80%) @ 20 kg ha-1 
1.86 5.02 264.18 36.89 291.06 
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through the development of reproductive structure 
(Sharma and Singh, 2005), the soil application of 
sulphur in toria might have played a vital role in 
strengthening sink and boosting photosynthetic 
activities leading towards higher seed yield. 
Tomar et al., (1996), in a field grown mustard ob-
served a significant higher seed yield in soil appli-
cation of sulphur.  This might be due to the higher 
uptake of sulphur by the crop on external applica-
tion of sulphur. Jaiswal et al. (2015) also observed 
significantly higher uptake of sulphur by mustard 
crop with application of sulphur which was reflect-
ed in to the higher seed yield. 
Soil test based fertilizer recommendation calibrat-
ed on the logic that nutrient requirement of the 
crop minus nutrient supplied by soil should be the 
fertilizer needed. Soil test based nutrient manage-
ment of nitrogen, phosphorus and potassium 
might also had a great role in adequate supply to 
the toriacrop and subsequent uptake of the nutri-
ents as well as enhanced yieldby the plant sys-
tem. In a study Verma et al. (2017) also opined 
that soil test based fertilizer recommendations are 
more precise and meaningful. This practice is not 
only the scientific basis for balanced fertilization 
but it also enables farmer to choose the proper 
fertilizer management practices. 
Conclusion 
The soil test based nutrient management of nitro-
gen, phosphorus and potassium coupled with soil 
application of sulphur (80%) @ 20 kg ha‑1 as 
basal might be a better option in enhancement in 
yield of toriain rain-fed areas at an altitude ranging 
1210-1300m of Himalayan range in West Bengal. 
This treatment combination may be recommended 
for large scale demonstration for toria crop as well 
as its adoption by the farmers of this region. 
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